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Description 

Field Of The Invention 

[0001] The present invention relates to a temperature regulating system for a motor vehicle. More particularly, the 
present invention relates to a temperature regulating system for a motor vehicle that receives power from a fuel cell 
system. 

Background Of The Invention 



[0002] Internal combustion engines have contributed greatly to the advancement of society Vehicles powered by 
these engines have shortened the travel times between us by making long distance road travel routine. Such engines, 
however, have also greatly contributed to the pollution of our environment. The combustion of petroleum products in 
these engines results in unwanted byproducts such as carbon monoxide, carbon dioxide, sulfur dioxide, nitrogen ox- 
is jdes, etc., that are exhausted into the atmosphere. 

[0003] Vehicles powered by alternative energy sources are under development. One such alternative energy source 
is the fuel cell. Fuel cells generate electric power through, for example, reaction of hydrogen and oxygen. The electric 
power that is generated is used to drive an electric motor that, in turn, drives the wheels of the vehicle. The product of 
the chemical reaction in a fuel cell utilizing hydrogen and oxygen is water, a product which is essential to our environment 
20 and which is easily disposed of. 

[0004] Regulation of the temperature of the fuel cell is an important consideration for fuel cell powered vehicles. For 
example, fuel ceil performance (and sometimes, lifetime) depends on the temperature at which the fuel cell is operating. 
Without proper temperature regulation, the fuel cell stack may not be able to supply adequate power to the electric 
motor of the vehicle and, as such, may not deliver the performance levels that are demanded by the consuming public. 
25 [0005] Merritt et al. U.S. Patent No. 5,366,821 discloses a fuel cell system which includes a coolant circuit having 
an electrical coil heater to raise the fuel cell stack to operating temperature and maintain that temperature (see column 
2, lines 25-30 and column 8, line 50 - column 9, line 23). 

[0006] Mizuno et al. U.S. Patent No. 5,193,635 discloses several embodiments of a fuel cell powered wheeled ve- 
hicle 

so [0007] Sanderson U.S. Patent No. 3,507,702 discloses a compact fuel cell system which includes a coolant circuit 
having an electrical heater to raise the fuel cell stack to operating temperature and maintain that temperature (see 
column 6, lines 28-66). 

[0008] Patent Abstracts Of Japan, vol. 1 6, no. 230 (J A 04-043568) discloses a fuel cell that allows stable control of 
the cooling water temperature, and promotes water heat recovery without substantial loss, by performing the propor- 
35 tional control of a flow control electric valve, or controlling the speed of a pump and a blower in a fuel cell cooling system. 
[0009] PCT/lnternational Publication No. WO 94/10716 (Application No. PCT/US93/1 0333) discloses solid polymer 
fuel cell systems with a conventional coolant subsystem extending through the fuel cell stack. 

Summary of the Invention 

40 

[0010] A temperature regulating system for a fuel cell powered motor vehicle is disclosed that assists in maintaining 
the temperature of the fuel cell within a temperature range which provides satisfactory fuel cell performance. In ac- 
cordance with a first embodiment of the system, the system includes an electric motor for propelling the vehicle and 
at least one fuel cell stack for generating electrical powe- to the electric motor. Each fuel cell stack is provided with 

45 temperature regulation means, including at least one heat transfer fluid inlet port and at least one heat transfer fluid 
outlet port to allow flow of a heat transfer fluid, hereinafter referred to as a 'cooling medium" or 'coolant", through the 
fuel cell stack The cooling medium may be used to raise or lower the temperature of the fuel cells in the stack. The 
system is further provided with one or more pipes or conduits external to the fuel cell stack. The pipes or conduits 
define a coolant path for carrying the cooling medium, for example, water, glycol, or any other heat transfer medium, 

so from the coolant outlet port to the coolant inlet port of the fuel cell stack. A resistor, connected to at least one source 
of electrical power is disposed in the coolant path in thermal communication with the cooling medium. The resistor 
can be used to raise the temperature of the cooling medium, when it is desirable to raise the temperature of the fuel 
cells in the stack. The resistor is optionally disposed in a housing. The resistor may be electncally connected to the 
electric motor via a suitable power conditioning system, so as to dissipate regenerative energy upon braking of the 

55 vehicle The foregoing temperature regulating system topology has several advantageous aspects. First, the thermal 
energy generated by the regenerative braking is dissipated by the cooling medium within the temperature regulating 
system Second, regenerative braking energy is converted into heat that is communicated to the cooling medium. 
Heating of the cooling medium may be desirable to maintain the fuel cell stack within a proper operating temperature 
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range when the motor vehicle is operated in cool ambient temperatures or at start-up. 

[0011] Alternatively, or in addition, the resistor may be electrically connected to receive electricity from shore power, 
thereby acting as a block heater that prevents the fuel cell system from freezing and facilitates start-up in cool ambient 
temperatures. 

5 [0012] Alternatively, or in addition to one or both of the aforementioned sources of electrical power, fuel cell power 
may be used to supply electricity to the resistor. Fuel cell power may be advantageously used to power the resistor 
soon after start-up to bring the fuel cell stack within the preferred operating temperature range and during operation 
to improve fuel cell performance by maintaining the fuel cell stack within the preferred temperature range especially 
when the motor vehicle is operated in cool ambient temperatures. Fuel cell power may also be advantageously dissi- 

10 pated through the resistor at shut down, the resistor thereby acting as a bleed resistor consuming reactants remaining 
in the fuel cell stack and causing the stack voltage to fall so that the fuel cell stack is left in an electrically safe state. 
Other advantages also flow from the foregoing topology. 

[0013] In accordance with a second embodiment of the system, the system includes an electric motor for propelling 
the vehicle and at least one fuel cell stack for generating electrical power to the electric motor. The fuel cell stack is 

15 provided with at least one coolant inlet port and coolant outlet port. One or more pipes or conduits external to the fuel 
cell stack are provided and define a coolant path for carrying a cooling medium from the coolant outlet port to the 
coolant inlet port of the fuel cell stack. The cooling medium is pumped through the coolant path by a main cooling pump 
that is disposed in the coolant path. Heat dissipation from the cooling medium is facilitated by a radiator disposed in 
the coolant path and optionally an air flow device that provides a cooling airflow over the radiator to cool the cooling 

20 medium. The main cooling pump and the air flow device are independently controllable. Such independent control of 
the coolant pump and the air fiow over the radiator provides a great degree of coolant temperature control and, as a 
result, of the fuel cell temperature. 

[0014] In accordance with a third embodiment of the system, the system includes at least one fuel cell stack for 
generating electrical power. The fuel cell stack is provided with at least one coolant inlet port and coolant outlet port. 

25 one or more pipes or conduits external to the fuel cell stack are provided and define a coolant path for carrying a 
cooling medium from the coolant outlet port to the coolant inlet port of the fuel cell stack A temperature sensor is 
disposed to measure temperature of the cooling medium preferably proximate the outlet or inlet coolant port of the fuel 
cell stack and optionally a current sensor is disposed to measure electrical current flowing from the fuel cell stack. A 
control circuit is provided that includes at least one device that is disposed in the coolant path for increasing or de- 

30 creasing heat transfer between the cooling medium and the fuel cell stack. The control circuit is responsive to the 
coolant temperature as measured by the temperature sensor and optionally to the current drawn from the fuel cell 
stack as measured by the current sensor to increase or decrease the heat transfer. In this manner, the system is 
provided with the inherent benefits of using the coolant temperature as a basis for controlling heat transfer while still 
being responsive to temperature changes caused by quickly fluctuating power demands placed on the fuel cell stack. 

35 

Brief Description Of The Drawings 

[0015] FIG. 1 is a schematic block diagram of an embodiment of a temperature regulating system in accordance 
with the teachings of the invention. 
40 [0016] FIG. 2 is a schematic block diagram of a control circuit used to control heat transfer to and from the coolant 
in the system of FIG. 1. 

[0017] FIG. 3 is a schematic block diagram of one embodiment of a hydrogen and oxidant or air supply system that 
is suitable for use in the system of FIG. 1 . 

[0018] FIG. 4 is a side sectional view of one embodiment of a brake resistor and corresponding housing suitable for 
45 use in the system of FIG. 1 . 

Detailed Description Of Preferred Embodiments 

[0019] A temperature regulating system is shown generally at 10 in FIG. 1. In the illustrated embodiment, the tem- 
50 perature regulating system 10 is used in conjunction with a motor vehicle system that includes an electric drive motor 
15 that is connected to drive, for example, the wheels 20 of the vehicle through a transmission 25. The electric motor 
1 5 receives electrical power from a fuel cell stack 30 through, for example, a DC-DC booster 35 and a DC- AC inverter 40. 
[0020] The fuel cell stack 30 may be one or more fuel cell stacks such as, for example, a solid polymer electrolyte 
fuel cell stack available from Ballard Power Systems Inc., of North Vancouver, B.C., Canada. The fuel cell stack 30 
55 includes a coolant inlet port 45 and a coolant outlet port 50. A cooling medium, such as water, flows from the coolant 
inlet port 45, through the fuel cell stack 30, and exits the coolant outlet port 50 resulting in a heat exchange between 
the cooling medium and the fuel cell stack 30. Regulation of the temperature of the fuel cell stack 30 is dependent on 
the temperature of the cooling medium and the mass flow rate of the cooling medium through the fuel cell stack 30. 
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[0021] A plurality of cooling medium conduits or pipes 55 define a coolant path through which the cooling medium 
flows between the coolant outlet port 50 of the fuel cell stack 30 and the coolant inlet port 45. Upon exiting the coolant 
outlet port 50, the cooling medium encounters a coolant bypass system 60 which allows bypass, through pump 65, of 
some of the cooling medium from the coolant path to the cabin of the vehicle for heating of the vehicle cabin. The 

5 coolant bypass system 60 may be placed virtually anywhere within the coolant path. 

[0022] The cooling medium next encounters a resistor 70 that is disposed in a sealed housing 75. The resistor 70 
can dissipate regenerative power received from the electric motor 15 when the electric motor 1 5 is slowed or stopped. 
Regenerative power from the motor 1 5 is communicated through inverter 40 to a power bus 80 and therefrom to a DC- 
DC chopper 85 which, in turn, regulates the amount of power transferred to the resistor 70. 

10 [0023] The resistor 70 is in thermal communication with the cooling medium. Placement of the resistor 70 in the 
coolant path in the illustrated manner thus has several advantageous aspects. First, the energy generated by the 
regenerative braking is dissipated within the temperature regulating system by the cooling medium flowing through the 
coolant path. Second, regenerative braking energy is converted into heat that is communicated to the cooling medium. 
Heating of the cooling medium may be desirable to maintain the fuel cell stack within a proper operating temperature 

15 range in cool ambient operating conditions. The resistor 70 may be connected to receive electricity from shore power 
from, for example, a shore power circuit 90, thereby allowing the resistor to function as an block heater that prevents 
the fuel cell stack 30 from freezing and facilitates start-up in cold weather. Fuel cell power from fuel cell stack 30 may 
also be used to supply electricity to the resistor 70. Fuel cell power may be advantageously used to power the resistor 
soon after start-up to bring the fuel cell stack 30 within the preferred operating temperature range and during operation 

20 to improve fuel cell performance by maintaining the fuel cell stack 30 within the preferred temperature range especially 
when the motor vehicle is operated in cool ambient temperatures. Fuel cell power may also be advantageously dissi- 
pated through the resistor 70 at shut down, the resistor thereby acting as a bleed resistor consuming reactants remain- 
ing in the fuel cell stack 30 and causing the stack voltage to fall so that the fuel cell stack is left in an electrically safe 
state. Other advantages also flow from the foregoing topology. 

25 [0024] The cooling medium flowing from the resistor housing 75 next encounters a bypass valve 100 that controls 
coolant flow to a radiator 105 and a radiator bypass path 110. Bypass valve 100 can be a valve of the type that directs 
flow exclusively to either the radiator bypass path 110 or the radiator 105 or preferably can be of the type that can be 
controlled to divide the flow between the path 110 and radiator 105. Use of the bypass valve 100 in the illustrated 
topology facilitates more effective control of coolant temperature, particularly at low ambient temperatures. At such 

so low ambient temperatures, if the medium is allowed to pass through the radiator 105, it may be undesirably cooled, 
thereby lowering the temperature of the fuel cell stack 30 below the most efficient operating temperature. Instead, the 
bypass valve 100 allows the cooling medium to bypass the radiator 105 thereby retaining its heat energy. Similarly, 
the bypass valve 100 may direct the cooling medium entirely through the radiator when the system is operating at 
higher ambient temperatures. If a variable position valve is used, the bypass valve 1 00 may be adjusted in a variable 

35 manner to direct the desired flow proportions between the radiator bypass path 11 0 and the radiator 1 05. 

[0025] Coolant passing through the radiator 105 is cooled by air flow over the radiator 105. Control of the air flow 
can be obtained, for example, through use of a variable speed fan 115 and/or a variable position damper 1 20 that are 
disposed proximate the radiator 1 05. When the temperature of the cooling medium is to be increased, the fan 11 5 may 
be set to a low speed or off setting and, for example, the damper 120 may be set to a closed position. Such settings 

40 minimize the air flow over the radiator 105 and reduce any cooling effect provided when the cooling medium is passed 
through the radiator. When the temperature of the cooling medium is to be reduced, the fan 115 may be set to a high 
speed setting and the damper 1 20 may be set to a fully open state. Such settings increase the air flow over the radiator 
105 to provide cooling of the cooling medium passing through the radiator 105. 

[0026] Coolant exiting from either the radiator 105 or the bypass path 110 joins the principal coolant path at junction 
45 1 25. The cooling medium is pumped through the coolant path by a main coolant pump 1 30. The flow rate of the cooling 
medium is sensed by a flow sensor 1 35. After passing through the main coolant pump 1 30, the cooling medium arrives 
full circuit at the coolant inlet port 45 of the fuel cell stack 30. 

[0027] The main coolant pump 130 may be a variable speed pump. Control of the speed of the main coolant pump 
130 facilitates control of the temperature of the cooling medium and, as a result, of the temperature of the fuel cell 

50 stack 30. In a preferred embodiment of the illustrated system, the fuel cell stack 30 generates electrical power from 
the electrochemical reaction of hydrogen and oxygen. Hydrogen is supplied to the fuel cell stack 30 through one or 
more gas conduits 140 from a hydrogen supply system 145. Residual hydrogen is returned to the hydrogen supply 
system 145 through one or more gas conduits 150. An oxygen-containing stream is supplied to the fuel cell stack 30 
through one or more gas conduits 155 from an oxidant supply system 160. Residual oxidant is returned to the oxidant 

55 supply system 1 60 through one or more gas conduits 1 65. A pure oxygen supply is generally unnecessary. The oxidant 
supply system 160 could supply, for example, compressed air or oxygen-enriched air to the fuel cell stack 30. The 
hydrogen supply system 145 may, for example, supply essentially pure hydrogen or a hydrogen-containing stream 
such as a reformate stream. Other fuel cell reactions are likewise suitable for use with the illustrated temperature 
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regulating system 10, the reactant supply systems utilized being dependent on the fuel cell reaction that is employed. 
[0028] Water is the product of the hydrogen/oxygen reaction within the fuel cell stack 30. When the fuel cell reaction 
product is water, the cooling medium used in the temperature regulating system can include some of the product water. 
In this case the temperature regulating system may be advantageously integrated with a product water collection 
5 system, as shown in the illustrated embodiment 10. Alternatively, the cooling medium may be circulated in a separate 
closed loop and may be water, glycol or any suitable heat transfer fluid. Water is the cooling medium in the illustrated 
embodiment of the system. 

[0029] In the illustrated embodiment, systems are employed to make use of the availability of the product water. A 
water storage system 1 70 is used to store product water produced by the fuel cell system. Central to the water storage 

10 system 170 is a water tank 175. The water tank 175 is connected through conduits 180 and 185 to receive product 
water collected from the hydrogen supply system 145 and/or oxidant supply system 160 respectively. A suitable trap 
which may be used to collect product water in the reactant supply systems, includes an Air Liquid Drainer, Model 
#1-LDC available from Armstrong Machine Works, Three Rivers, Michigan. The water tank 175 is also connected to 
receive overflow water from the radiator 1 05 through a check-valve 1 90. The water tank 1 75 may also be pre-charged 

is with water from an external source. 

[0030] Water is supplied to the coolant path when required through a water pump system 200 and a water filter 
system 205. The water pump system 200 includes a water pump 210. The water pump 210 includes an inlet that is 
interconnected by a conduit 215 with the product water tank 175. When the water level in the radiator 105 drops below 
a predetermined level as sensed by a level sensor 1 95, the water pump 210 is operated to pump water from the water 

20 tank 175 to the principal coolant path. An outlet of the water pump 210 is connected through conduit 220 to the inlet 
of the water filter system 205. The water pump 210 controls flow of water from the water tank 175 to the water filter 
system 205. 

[0031] The water filter system 205 filters water from the water tank 175 for use as the cooling medium. It may also 
be used to filter water from the coolant path 55. The filter system 205 may include a particulate filter 225, a carbon 
25 filter 230, and a deionizing filter 235 that are connected in series. A check-valve 240 prevents back-flow of coolant 
from the principal coolant path to the water tank, and directs water from the water tank 1 75 to the fitters 225, 230, and 
235. A sized orifice 245 controls the flow of water from the coolant path 55 to the filters. For example, the orifice may 
be sized so that approximately ten percent of the water flowing through the coolant path is diverted for filtration by the 
filter system 205. 

30 [0032] The temperature regulating system of the foregoing topology can be controlled in a variety of ways. One 
control circuit is illustrated in FIG. 2. In the illustrated embodiment, a programmable logic controller ("PLC") 250 or 
other processing unit is used to sense a variety of input signals which, in turn, are used to provide output signals that 
actuate various system components in a manner which drives the temperature of the fuel cell stack 30 towards its 
optimum operating temperature range and, further, maintains the fuel cell stack 30 within this temperature range once 

35 it has been reached. 

[0033] Temperature, sensors 255 and 265 are disposed to sense the temperature of the cooling medium at various 
locations along the coolant path. Temperature sensor 255 is disposed to measure cooling medium temperature prox- 
imate the coolant outlet port 50 of the fuel cell stack 30 and transmits a signal indicative of the sensed temperature 
along one or more lines 275 to the PLC 250. It will also be realized that temperature sensor 255 may likewise be 
40 disposed to measure cooling medium temperature at the coolant inlet port 45. Temperature sensor 265 is disposed to 
measure coolant temperature of cooling medium exiting the radiator 105 and transmits a signal indicative of the sensed 
temperature along one or more lines 280 to the PLC 250. 

[0034] Other sensors are also utilized in the temperature regulating system 10. Level sensor 195 is disposed to 
monitor the cooling medium level in the radiator 105 and transmits a signal indicative of the sensed level along one or 

45 more lines 295 to the PLC 250. Flow sensor 135 is disposed to measure cooling medium flow entering the fuel cell 
stack 30 at the coolant inlet port 45 and transmits a signal indicative of the sensed flow rate along one or more lines 
300 to the PLC 250 . A current sensor 305 is disposed to sense electric current flow from the fuel cell stack 30. 
[0035] The PLC 250 uses one or more of the sensed signal inputs to control various devices that can either increase 
or decrease the temperature of the cooling medium flowing to the fuel cell stack 30. The PLC 250 may send a signal 

50 along one or more lines 310 to an inverter 315 to control the speed of the main cooling pump 130. Another inverter 
320 receives a control signal along one or more lines 325 from the PLC 250 to control the speed of the radiator fan 
115. Chopper circuit 85 receives a control signal from the PLC 250 along one or more lines 330 to control the amount 
of regenerative braking energy dissipated by the resistor 70 which may be used to heat the cooling medium, and, as 
previously noted, may also receive power from the shore power circuit 90 or from power supplied by the fuel cell stack 

55 30. Damper 1 20 receives a control signal along one or more lines 335 to control the opening and closing of the damper 
1 20 which, in turn, may transmit a signal along one or more lines 340 to the PLC 250 that indicates the position of the 
damper 1 20. The PLC 250 also provides a control signal along one or more lines 345 to the radiator bypass valve 1 00 
to variably divide the flow of cooling medium between the radiator 105 and radiator bypass path 110. The radiator 
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bypass valve 100 may provide a signal to the PLC 250 indicative of the position of the bypass valve 100 long one or 
more lines 350. . 

[0036] In operation, temperature sensor 255 provides the primary indicator of operating temperature of the fuel cell 
stack 30. The temperature sensed by temperature sensor 255 is used by the programmable logic controller 250 to 

5 determine the amount of heating or cooling of the cooling medium that is required to maintain the temperature of the 
fuel cell stack in its optimum operating range. Although placement of the temperature sensor 255 in the cooling system 
provides an indication of the fuel cell stack operating temperature, it will not respond to localized temperature changes 
within the fuel cell stack 30 caused by quickly fluctuating power demands on the fuel cell stack. Accordingly, current 
sensor 305 is used to measure electric current flow from fuel cell stack 30 and sends a signal indicative of the measured 

10 current along one or more lines 355. By monitoring current flow from the fuel cell stack 30, it becomes possible to 
quickly detect power fluctuations before the fluctuation results in a significant change in operating temperature of the 
fuel cell stack 30. Upon detection of a power fluctuation, the programmable logic controller 250 may implement steps 
to cool the cooling medium or raise the temperature thereof to compensate for the projected increase or decrease in 
the operating temperature of the fuel cell stack 30. 

15 [0037] When the PLC 250 detects an increase in the fuel cell stack temperature above its optimal range by, for 
example, detecting an increase in the temperature sensed by temperature sensor 255, the PLC 250 may decrease 
the temperature of the cooling medium by taking one or more of the following actions: (1) increasing the flow of air 
over the radiator 105 by increasing the speed of the fan 115, (2) increasing the flow of air over the radiator 105 by 
opening air damper 120, (3) increasing the speed of the main cooling pump 1 30. and (4) adjusting bypass valve 100 

20 to direct more coolant flow through the radiator 105. Similarly, when the PLC 250 detects a decrease in fuel cell stack 
temperature below its optimal range, the PLC 250 may increase the temperature of the cooling medium by taking one 
or more of the following actions: (1) decreasing the air flow over the radiator 105 by decreasing the speed of fan 115 
or shutting it off, (2) reducing the flow of air over the radiator 105 by closing damper 120, (3) decreasing the speed of 
the main cooling pump 130, (4) controlling chopper 85 to increase the amount of power dissipated by brake resistor 

25 70, and (5) adjusting bypass valve 100 to direct more coolant flow through the radiator bypass path 110. 

[0038] Temperature sensors 255 and 265 and flow sensor 1 35 may be used to provide feedback to the PLC 250 
indicative of certain actions taken by the PLC 250. For example, temperature sensor 265 provides feedback on the 
effect of changes to the speed of fan 115 and the opening or closing of damper 120 on the temperature of the cooling 
medium. Temperature sensor 255 provides feedback, among other things, on the effect of the state of bypass valve 

30 100 on the temperature of the cooling medium. Flow meter 1 35 provides feedback relating to changes in the speed of 
the main cooling pump 1 30. 

[0039] The cooling medium level within the coolant path may also be controlled by the PLC 250. To this effect, level 
sensor 195 is connected to provide a signal to the PLC 250 that is indicative of the level of the cooling medium level 
in, for example, the radiator 105. If the sensed level proceeds below a predetermined value, the PLC 250 may actuate 

35 water pump 210 through an inverter 375 along one or more lines 380 to direct water from the water tank 175 to the 
filter system 205. The filter system 205 filters the water from the water tank and supplies that water to the principal 
coolant path at junction 385. If the level proceeds above the level of a port connected to check-valve 190, cooling 
medium will flow to the water tank 175 for storage. In the event that the cooling medium level in the water tank 175 
exceeds the overflow level it will exit the system via overflow conduit 400. 

40 [0040] The hydrogen supply system 145 and oxidant supply system 160 may each be implemented in a variety of 
manners. One embodiment suitable for use in the system of FIG. 1 is illustrated in FIG. 3. Other embodiments of these 
systems are likewise suitable for use without departing from the scope of the present invention. 
[0041] As illustrated in FIG. 3, the hydrogen supply system 1 45 and oxidant (in the illustrated embodiment the oxidant 
is air) supply system 160 are under the control of PLC 250. The PLC 250 detects the position of accelerator pedal 500 

45 through, for example, monitoring the voltage at node 505 of voltage divider circuit 510. Voltage divider circuit 510 is 
linked to the accelerator pedal 500 so that the resistance of resistor 51 5 varies with the position of the pedal 500 thereby 
producing a corresponding voltage level at node 505. 

[0042] The PLC 250 responds to the voltage level sensed at anode 505 and produces control output signals along 
lines 520 and 525 to the air supply system 1 60 and hydrogen supply system 145, respectively. These signals are used 

so to control, for example, pumps within the supply systems 1 45 and 1 60 to regulate the flow of reactants to the fuel cell 
stack 30, thereby allowing the fuel cell stack to respond to the power demands of the vehicle. The PLC 250 also 
responds to the voltage level at node 505 to control inverter 40 to facilitate control of electric motor 15. Feedback to 
the PLC 250 of the pressure of the hydrogen and pressure, temperature, and flow rate of the air is provided by sensors 
540, 555, 560 and 565. In the embodiment illustrated in Figure 3, hydrogen is provided to the hydrogen supply system 

55 through a refillable hydrogen tank 570. 

[0043] FIG. 4 illustrates one embodiment of a resistor 70 and associated housing 75 suitable for use in the system 
of FIG. 1 . As illustrated, the resistor 70 includes a cap portion 580 that is connected to a body portion 582 by fasteners 
583. A gasket 584 is disposed between body portion 582 and cap 580. The cap portion 580 accepts the electrical 
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connections from the DC to DC converter 85 that direct electric current therefrom to resistor elements 585. Resistor 
elements 585 are disposed within housing 75 and are placed in contact with coolant entering the housing 75 at inlet 
590 and exiting the housing at outlet 595. The cap portion 580 and resistor elements 585 may be, for example, an 
immersion heater available from Ogden Manufacturing Company, of Arlington Heights, Illinois. 
[0044] By way of example, the following components may be used in the disclosed system: 



Temperature Probes (255, 560) 


100 Ohm Platinum, Part No. REB5310T available from Novatec Process j 
Systems, Inc., of Langley, British Columbia | 


Main Cooling Pump (130) 


Fybroc 1530 available from Plad Equipment Coquitlam, British Columbia 


Motors 


U.S. Electric Motors, Model B071 A (3.0 HP) j 


Level Sensors 


Omega LV 90 


Valve (100) 


3-Way ball valve available from PBM, Inc. of Irwin, PA 


Actuator (120) 


Modei TA400-10 available from True-Torq, Inc. of Blanchester, OH | 



[0045] While particular elements, embodiments and applications of the present invention have been shown and 
described, it will be understood, of course, that the invention is not limited thereto since modifications may be made 
by those skilled in the art, particularly in light of the foregoing teachings. It is therefore contemplated by the appended 
claims to cover such modifications as incorporate those features which come within the scope of the invention. 

Claims 

1 . A temperature regulating system (10) for an electric motor vehicle, the system comprising: 

(a) an electric motor (15) for propelling the vehicle; 

(b) a fuel cell stack (30) for supplying electrical power to the electric motor (15), the fuel cell stack (30) having 
at least one coolant inlet port (45) and at least one coolant outlet port (50); 

(c) at least one conduit external to the fuel cell stack (30) defining a coolant path (55) for carrying a cooling 
medium from the at least one coolant outlet port (50) to the at least one coolant inlet port (45) of the fuel cell 
stack (30) ; 

(d) a resistor (70) in thermal communication with the cooling medium for heating the cooling medium, the 
resistor (70) connected to at least one source of electrical power, 

wherein the alt least one source of electrical power comprises regenerative electrical power derived from 
braking of the vehicle. 

2. The temperature regulating system of claim 1 further comprising a resistor housing (75) having a coolant inlet and 
coolant outlet, the resistor (75) being disposed in the resistor housing (75). 

3. The temperature regulating system of claim 1 wherein the system further comprises means for supplying a con- 
trolled amount of regenerative electrical power to the resistor (70). 

4. The temperature regulating system of claim 1 wherein the at least on source of electrical power further comprises 
shore electrical power. 

5. The temperature regulating system of claim 1 wherein the at least one source of electrical power further comprises 
electrical power generated by the fuel cell stack (30). 

6. The temperature regulating system of claim 1 wherein the al least one source of electrical power further comprises 
shore electrical power, and electrical power generated by the fuel cell stack (30). 

7. The temperature regulating system of claim 1 further comprising a cooling pump (130) disposed in the coolant 
path (55). 

8. The temperature regulating system of claim 7 further comprising a radiator (1 05) disposed in the coolant path (55). 
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9. The temperature regulating system of claim 7 further comprising a radiator (1 05) disposed in the coolant path (55), 
the resistor (75) being disposed in the coolant path (55) between the coolant outlet port (50) of the fuel cell stack 
(30) and the radiator (105). 

10. The temperature regulating system of claim 8 further comprising: 

(e) at least one conduit defining a radiator bypass path (110) for the coolant medium; 

(f) a bypass valve (100) disposed in the coolant path (55) to control flow of the cooling medium to the radiator 
(105) and the radiator bypass path (110). 

11. The temperature regulating system of claim 8 further comprising air flow means for providing a cooling airflow over 
the radiator (105) to cool the cooling medium. 

12. The temperature regulating system of claim 11 wherein the air flow means comprises: 

(a) a fan (115) disposes proximate the radiator (105) to generate an air flow over the radiator (105); and 

(b) speed control means for varying the speed of the fan (115). 

13. The temperature regulating system of claim 11 wherein the air flow means comprises: 

(a) a damper (120) disposed proximate the radiator (105) to regulate air flow over the radiator (105); and 

(b) position control means for controlling positioning of the damper (120). 

1 4. The temperature regulating system of claim 8 wherein the cooling pump (1 30) is disposed in the coolant path (55) 
between the radiator (105) and the coolant inlet port (45) of the fuel cell stack (30). 

15. The temperature regulating system of claim 1 further comprising: 

(e) a hydrogen supply system (145) connected to the fuel cell stack (30); 

(f) an air supply system (160) connected to the fuel cell stack (30), the hydrogen and air supply systems (1 45, 
160) providing reactants for fuel cell reactions to generate the electric power to the electric motor (15), the 
fuel cell reactions resulting in product water in at least one of the hydrogen and air supply systems (145, 160). 

16. The temperature regulating system of claim 15 wherein the cooling medium comprises product water collected 
from at least one of the hydrogen and air supply systems (145, 160). 

17. The temperature regulating system of claim 8 further comprising: 

(e) a hydrogen supply system (145) connected to the fuel cell stack (30); 

(f) an air supply system (1 60) connected to the fuel celt stack (30), the hydrogen and air supply systems (145, 
160) providing reactants for fuel cell reactions to generate the electric power to the electric motor (15), the 
fuel cell reactions resulting in product water in the hydrogen and air supply systems (145, 160). 

18. The temperature regulating system of claim 17 further comprising a product water collection system for collecting 
at least a portion of the product water from at least one of the hydrogen and air supply systems (145, 160). 

19. The temperature regulating system of claim 18 wherein the water collection system comprises: 

(a) a water tank ( 1 75) connected to receive product water from the hydrogen and air supply systems (1 45, 1 60); 

(b) a water pump (210) for pumping water from the water tank (175) into the coolant path (55). 

20. The temperature regulating system of claim 18 wherein the product water collection system comprises: 

(a) a water tank ( 1 75) connected to receive product water from the hydrogen and air supply systems ( 1 45, 1 60); 

(b) a water filtering system (205) for filtering water from the water tank (175); 

(c) water pump (210) for pumping filtered water from the water tank (175) into the coolant path (55). 

21. The temperature regulating system of claim 7 further comprising a temperature sensor (255) positioned to detect 
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coolant temperature proximate to the fuel cell stack (30). 

22. The temperature regulating system of claim 21 further comprising a current sensor (305) disposed to measure 
electrical current flowing from the fuel cell stack (30). 

23. The temperature regulating system of claim 22 further comprising a radiator (1 05) disposed in the coolant path (55). 

24. The temperature regulating system of claim 23 further comprising air flow means for providing a cooling airflow 
over the radiator (105) to cool the cooling medium. 

25. The temperature regulating system of claim 24 wherein the air flow means comprises: 

(a) an electric fan (115) disposed proximate the radiator (105) to generate an air flow over the radiator (1 05); and 

(b) speed control means for varying the speed of the electric fan (115). 

26. The temperature regulating system of claim 24 wherein the air flow means comprises: 

(a) a damper (120) disposed proximate the radiator (105) to regulate air flow over the radiator (105); and 

(b) position control means for controlling positioning of the damper (120). 

27. The temperature regulating system of claim 22 further comprising control means including at least one device 
disposed in the coolant path (55) for increasing or decreasing heat transfer between the cooling medium and the 
fuel cell stack (30), the control means being responsive to at least one of the temperature sensor (255, 265) and 
the current sensor (305) for increasing or decreasing the heat transfer. 

28. The temperature regulating system of claim 27 wherein the at least one device comprises speed control means 
for varying the speed of the cooling pump (130) disposed in the coolant path (55). 

29. The temperature regulating system of claim 27 wherein the at least one device comprises: 

(a) a radiator (105) disposed in the coolant path (55); and 

(b) air flow means for providing a cooling airflow over the radiator (105) to cool the cooling medium. 

30. The temperature regulating system of claim 29 wherein the air flow means comprises: 

(a) an electric fan (1 1 5) disposed proximate the radiator (1 05) to generate an air flow over the radiator (1 05); and 

(b) speed control means for varying the speed of the electric fan (115). 

31. The temperature regulating system of claim 29 wherein the air flow means further comprises: 

(a) a damper (120) disposed proximate the radiator (105) to regulate air flow over the radiator (105); and 

(b) position control means for controlling positioning of the damper (120). 

32. The temperature regulating system of claim 27 wherein the at least one device comprises: 

(a) a radiator (105) disposed in the coolant path (55); and 

(b) at least one conduit defining a radiator bypass path (110) for the coolant medium; 

(c) a bypass valve (100) disposed in the coolant path (55) to control flow of the cooling medium from the 
coolant outlet port (50) to the fuel cell stack (30) to the radiator (105) and the radiator bypass path (110). 

33. The temperature regulating system of claim 1 wherein the fuel cell stack (30) is a solid polymer fuel cell stack. 

34. The temperature regulating system of claim 5 wherein the resistor (70) receives electric power generated by the 
fuel cell stack (30) immediately prior to cessation of fuel cell stack operation. 
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PatentansprOche 

1. Temperaturregelsystem (10) fur ein Elektromotorfahrzeug, wobei das System folgendes umfaBt: 

5 (a) einen Elektromotor (15) zum Antrieb des Fahrzeugs; 

(b) einen Brennstoffzellenstapel (30) zur Versorgung des Elektromotors (15) mit elektrischer Energie, wobei 
der Brennstoffzellenstapel (30) mindestens einen KuhlmitteleinlaBkanal (45) und mindestens einen Kuhlmit- 
telauslaBkanal (50) aufweist; 

(c) mindestens eine externe Leitung zu dem Brennstoffzellenstapel (30), die einen Kuhlmittelweg (55) zur 
w Beforderung einen Kuhlmediums von dem mindestens einen KuhlmittelauslaBkanal (50) zu dem mindestens 

einen KuhlmitteleinlaBkanal (45) des Brennstoffzellenstapels (30) definiert; 

(d) einen mit dem Kuhlmedium in Warmeverbindung stehenden Widerstand (70) zum Erwarmen des Kuhlme- 
diums, wobei der Widerstand (70) mit mindestens einer elektrischen Energiequelle verbunden ist, 

is wobei die mindestens eine elektrische Energiequelle vom Bremsen des Fahrzeugs abgeleitete, ruckgewon- 

nene elektrische Energie umfaBt. 

2. Temperaturregelsystem nach Anspruch 1 , weiterhin mit einem Widerstandsgehause (75), das einen Kuhlmittel- 
einlaB und einen KuhlmittelauslaB aufweist, wobei der Widerstand (70) in dem Widerstandsgehause (75) ange- 

20 ordnet ist. 

3. Temperaturregelsystem nach Anspruch 1 , wobei das System weiterhin ein Mittel zur versorgung des Widerstands 
(70) mit einer kontrollierten Menge rOckgewonnener elektrischer Energie umfaBt. 

25 4. Temperaturregelsystem nach Anspruch 1 , bei dem die mindestens eine elektrische Energiequelle weiterhin eine 
externe Stromversorgung umfaBt. 

5. Temperaturregelsystem nach Anspruch 1 , bei dem die mindestens eine elektrische Energiequelle weiterhin von 
dem Brennstoffzellenstapel (30) erzeugte elektrische Energie umfaBt. 

30 

6. Temperaturregelsystem nach Anspruch 1, bei dem die mindestens eine elektrische Energiequelle weiterhin eine 
externe Stromversorgung und von dem Brennstoffzellenstapel (30) erzeugte elektrische Energie umfaBt. 

7. Temperaturregelsystem nach Anspruch 1 , weiterhin mit einer in dem Kuhlmittelweg angeordneten KGhlmittelpum- 
35 pe(130). 

8. Temperaturregelsystem nach Anspruch 7, weiterhin mit einem im Kuhlmittelweg (55) angeordneten Kuhler (105). 

9. Temperaturregelsystem nach Anspruch 7, weiterhin mit einem im Kuhlmittelweg (55) angeordneten Kuhler (105), 
40 wobei der Widerstand (70) im Kuhlmittelweg (55) zwischen dem KuhlmittelauslaBkanal (50) des Brennstoffzellen- 
stapels (30) und dem KOhler (105) angeordnet ist. 

10. Temperaturregelsystem nach Anspruch 8, weiterhin mit 

45 (e) mindestens einer Leitung, die einen Kuhlerumgehungsweg (110) fur das Kuhlmedium definiert; 

(f) einem im Kuhlmittelweg (55) angeordneten Umgehungsventil (100) zur Steuerung des Kuhlmediumstromes 
zu dem Kuhler (105) und dem Kuhlerumgehungsweg (110). 

11. Temperaturregelsystem nach Anspruch 8, weiterhin mit einem Luftstromungsmittel zur Bereitstellung eines Kuhl- 
50 luftstromes uber den Kuhler (105) zur Kuhlung des Kuhlmediums. 

12. Temperaturregelsystem nach Anspruch 11, bei dem das Luftstromungsmittel folgendes umfaBt: 

(a) ein nahe dem Kuhler (105) angeordnetes Geblase (115) zur Erzeugung eines Luftstromes uber den Kuhler 
55 (105); und 

(b) ein Geschwindigkeitssteuermittel zur Veranderung der Geschwindigkeit des Geblases (115). 

13. Temperaturregelsystem nach Anspruch 11, bei dem das Luftstromungsmittel folgendes umfaBt: 
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(a) eine nahe dem Kuhler (105) angeordnete Klappe (120) zur Regulierung des Luftstromes uber den Kuhler 
(105); und 

(b) ein Positionssteuermitte! zur Steuerung der Positionierung der Klappe (120). 

5 14. Temperaturregelsystem nach Anspruch 8, bei dem die Kuhlmittelpumpe (130) im Kuhlmittelweg (55) zwischen 
dem Kuhler (105) und dem KGhlmitteleinlaBkanal (45) des Brennstoffzellenstapels (30) angeordnet 1st. 

15. Temperaturregelsystem nach Anspruch 1, weiterhin mit 

10 (e) einem mit dem Brennstoffzellenstapel (30) verbundenen Wasserstoffversorgungssystem (145); 

(f) einem mit dem Brennstoffzellenstapel (30) verbundenen Luftversorgungssystem (160), wobei das Wasser- 
stoff- und das Luftversorgungssystem (145, 160) Betriebsmittel fur Brennstoffzellenreaktionen zur Erzeugung 
der elektrischen Energie fur den Elektromotor (15) bereitstetlen, wobei durch die Brennstoffzellenreaktionen 
im Wasserstoff- und/oder Luftversorgungssystem (145, 160) Produktwasser entsteht. 

15 

16. Temperaturregelsystem nach Anspruch 15, bei dem das Kuhlmedium aus dem Wasserstoff- und/oder Luftversor- 
gungssystem (145, 160) aufgefangenes Produktwasser umfaBt. 

17. Temperaturregelsystem nach Anspruch 8, weiterhin mit 

20 

(e) einem mit dem Brennstoffzellenstapel (30) verbundenen Wasserstoffversorgungssystem (145); 

(f) einem mit dem Brennstoffzellenstapel (30) verbundenen Luftversorgungssystem (160), wobei das Wasser- 
stoff- und das Luftversorgungssystem (1 45, 1 60) Betriebsmittel fOr Brennstoffzellenreaktionen zur Erzeugung 
der elektrischen Energie fur den Elektromotor (15) bereitstellen, wobei durch die Brennstoffzellenreaktionen 

25 im Wasserstoff- und Luftversorgungssystem (145, 160) Produktwasser entsteht. 

18. Temperaturregelsystem nach Anspruch 17, weiterhin mit einem Produktwasserauffangsystem zum Auffangen von 
mindestens einem Teil des Produktwassers aus dem Wasserstoff- und/oder Luftversorgungssystem (145, 160). 

30 19. Temperaturregelsystem nach Anspruch 18, bei dem das Wasserauffangsystem folgendes umfaBt: 

(a) einen zur Aufnahme von Produktwasser aus dem Wasserstoff- und Luftversorgungssystem (145, 160) 
verbundenen Wasserbehalter (175); 

(b) eine Wasserpumpe (210) zum Pumpen von Wasser von dem Wasserbehalter (175) in den Kuhlmittelweg 
35 (55). 

20. Temperaturregelsystem nach Anspruch 18, bei dem das Produktwasserauffangsystem folgendes umfaBt: 

(a) einen zur Aufnahme von Produktwasser aus dem Wasserstoff- und Luftversorgungssystem (145, 160) 
40 verbundenen Wasserbehalter (175); 

(b) ein Wasserfiltersystem (205) zur Filterung von Wasser aus dem Wasserbehalter (175); 

(c) eine Wasserpumpe (210) zum Pumpen von gefiltertem Wasser von dem Wasserbehalter (175) in den 
Kuhlmittelweg (55). 

45 21. Temperaturregelsystem nach Anspruch 7, weiterhin mit einem Temperaturfuhler (255), der zur Erfassung von Kuhl- 
mitteltemperatur nahe dem Brennstoffzellenstapel (30) positioniert ist. 

22. Temperaturregelsystem nach Anspruch 21 , weiterhin mit einem Stromgeber (305), der zur Messung von von dem 
Brennstoffzellenstapel (30) flieBendem elektrischen Strom angeordnet ist. 

so 

23. Temperaturregelsystem nach Anspruch 22, weiterhin mit einem im Kuhlmittelweg (55) angeordneten Kuhler (105). 

24. Temperaturregelsystem nach Anspruch 23, weiterhin mit einem Luftstromungsmittel zur Bereitstellung eines Kuhl- 
luftstromes uber den Kuhler (105) zur Kuhlung des Kuhlmediums. 

55 

25. Temperaturregelsystem nach Anspruch 24, bei dem das Luftstromungsmittel folgendes umfaBt: 

(a) ein nahe dem Kuhler (105) angeordnetes elektrisches Geblase (115) zur Erzeugung eines Luftstromes 
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Ober den Kuhler (105); und 

(b) ein Geschwindigkeitssteuermittel zur Veranderung der Geschwindigkeit des elektrischen Geblases (115). 

26. Temperaturregelsystem nach Anspruch 24, bei dem das Luftstromungsmittel folgendes umfaGt: 

(a) eine nahe dem Kuhler (105) angeordnete Klappe (120) zur Regulierung des Luftstromes uber den Kuhler 
(105); und 

(b) ein Positionssteuermittel zur Steuerung der Fositionierung der Klappe (120). 

27. Temperaturregelsystem nach Anspruch 22, weiterhin mit einem Steuermittel, das mindestens eine im Kuhlmittel- 
weg (55) angeordnete Vorrichtung zur VergroBerung Oder Verminderung von Warmeubertragung zwischen dem 
Kuhlmedium und dem Brennstoffzellenstapel (30) enthalt, wobei das Steuermittel auf den Temperaturfuhler (255, 
265) und/oder den Stromgeber (305) zur VergroGerung oder Verminderung der Warmeubertragung reagiert. 

28. Temperaturregelsystem nach Anspruch 27, bei dem die mindestens eine Vorrichtung ein Geschwindigkeitssteu- 
ermittel zur Veranderung der Geschwindigkeit der im Kuhlmittelweg (55) angeordneten Kuhlmittelpumpe (130) 
umfaGt. 

29. Temperaturregelsystem nach Anspruch 27, bei dem die mindestens eine Vorrichtung folgendes umfaBt: 

(a) einen im Kuhlmittelweg (55) angeordneten Kuhler (105); und 

(b) ein Luftstromungsmittel zur Bereitstellung eines Kuhlluftstromes uber den Kuhler (105) zur Kuhlung des 
Kuhlmediums. 

30. Temperaturregelsystem nach Anspruch 29,bei dem das Luftstromungsmittel folgendes umfaGt: 

(a) ein nahe dem Kuhler (105) angeordnetes elektrisches Geblase (115) zur Erzeugung eines Luftstromes 
uber den KOhler (105); und 

(b) ein Geschwindigkeitssteuermittel zur Veranderung der Geschwindigkeit des elektrischen Geblases (115). 

31. Temperaturregelsystem nach Anspruch 29, bei dem das Luftstromungsmittel weiterhin folgendes umfaGt: 

(a) eine nahe dem Kuhler (105) angeordnete Klappe (120) zur Regulierung des Luftstromes uber den Kuhler 
(105); und 

(b) ein Positionssteuermittel zur Steuerung der Positionierung der Klappe (120). 

32. Temperaturregelsystem nach Anspruch 27, bei dem die mindestens eine Vorrichtung folgendes umfaGt: 

(a) einen im Kuhlmittelweg (55) angeordneten Kuhler (105); 

(b) mindestens eine Leitung, die einen KOhlerumgehungsweg (110) fur das Kuhlmedium definiert; 

(f) ein im KOhlmittelweg (55) angeordnetes Umgehungsventil (100) zur Steuerung des Kuhlmediumstromes 
von dem KuhlmittelauslaBkanal (50) des Brennstoffzellenstapels (30), zu dem Kuhler (105) und dem KOhler- 
umgehungsweg (110). 

33. Temperaturregelsystem nach Anspruch 1 , bei dem es sich bei dem Brennstoffzellenstapel (30) urn einen Brenn- 
stoffzellenstapel mit festem Polymer handelt. 

34. Temperaturregelsystem nach Anspruch 5, bei dem der Widerstand (70) unmittelbar vor Beendigung des Brenn- 
stoffzellenstapelbetriebs von dem Brennstoffzellenstapel (30) erzeugten elektrischen Strom erhalt. 



Revindications 

1. Un systeme de regulation de temperature (10) pour un vehicule a moteur 6lectrique, le systeme comprenant : 

(a) un moteur electrique (15) destine a propulser le vehicule ; 

(b) un empilement de piles a combustible (30), destine a fournir une puissance electrique au moteur electrique 
(15), Tempilement de piles a combustible (30) ayant au moins un orifice d'entree de refrigerant (45) et au 



12 



3<*2 54S B1 



Page 13 of 20 



EP 0 842 548 B1 

moins un orifice de sortie de refrigerant (50) ; 

(c) au moins un conduit exteme a I'empilement de piles a combustible (30), d6finissant un chemin de refrigerant 
(55), pour vehiculer un medium de refroidissement depuis le au moins un orifice de sortie de refrigerant (50) 
au au moins un orifice d'entree de rdf rigerant (45) de I'empilement de piles a combustible (30) ; 
5 (d) une resistance (70) mise en communication thermique avec le fluide refrigerant, en vue de chauffer le 

medium refrigerant, la resistance (70) etant connectee a au moins une source de puissance electrique, 

dans lequel la au moins une source de puissance electrique est constitute d'une puissance electrique de rege- 
neration derivee du freinage du vehicule. 

Le systems de regulation de temperature selon la revendication 1, comprenant en outre un boTtier a resistance 
(75) ayant une entree de refrigerant et une sortie de refrigerant, la resistance (70) etant disposes dans le boitier 
de resistance (75). 

is 3. Le systeme de regulation de temperature selon la revendication 1 , dans lequel le systeme comprend en outre des 
moyens pour fournir une quantite contr6t6e de puissance electrique de regeneration a la resistance (70). 

4. Le systeme de regulation de temperature selon la revendication 1 , dans lequel la au moins une source de puissance 
electrique comprend en outre une puissance electrique venant d'une source terrestre fixe. 

20 

5. Le systeme de regulation de temperature selon la revendication 1 , dans lequel la au moins une source de puissance 
electrique comprend en outre une puissance electrique gen6r6e par I'empilement de piles a combustible (30) 

6. Le systeme de regulation de temperature selon la revendication 1 , dans lequel la au moins une source de puissance 
25 electrique comprend en outre une puissance electrique venant d'une source terrestre fixe, et la puissance elec- 
trique g6n6r6e par I'empilement de piles a combustible (30). 

7. Le systeme de regulation de temperature selon la revendication 1 , comprenant en outre une pompe de refroidis- 
sement (130) disposee dans le chemin de refroidissement (55). 

30 

8. Le systems de regulation de temperature selon la revendication 7, comprenant en outre un radiateur (105) dispose 
dans le chemin de refroidissement (55). 

9. Le systeme de regulation de temperature selon la revendication 7, comprenant en outre un radiateur (105) dispose 
35 dans le chemin de refroidissement (55), la resistance (70) 6tant dispos6e, dans le chemin de refroidissement (55), 

entre I'orifice de sortie de refrigerant (50) de i'empilement de piles a combustible (30) et le radiateur (105). 

10. Le systems de regulation de temperature selon la revendication 8, comprenant en outre : 

40 ( Q ) au moins un conduit definissant un chemin de derivation de radiateur (110) pour le medium de refroidis- 

sement; 

(f) une soupape de derivation (1 00), disposes dans le chemin de refrigerant (55) en vue de r6guler l'6coulement 
du medium de refroidissement vers le radiateur (105) et le chemin de derivation de radiateur (110). 

45 1 1 . Le systems de regulation de temperature sslon la revendication 8, comprenant en outre des moysns d'ecoulement 
d'air, destines a fournir un ecoulement d'air de refroidissement sur le radiateur (105) en vue de refroidir le medium 
de refroidissement. 

12. Le systeme de regulation de temperature selon la revendication 11, dans lequel les moyens d'ecoulement d'air 
50 comprennent : 

(a) un ventilateur (115) dispose a proximite du radiateur (105) afin de generer un ecoulement d'air sur le 
radiateur (105) ; et 

(b) des moyens de commande de Vitesse destines a moduler la Vitesse du ventilateur (115). 

55 

13. Le systeme de regulation de temperature selon la revendication 11, dans lequel les moyens d'ecoulement d'air 
comprennent : 
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(a) un registre (1 20) dispose a proximite du radiateur (1 05), en vue de reguler I'ecoulement d'air sur le radiateur 
(105); et 

(b) des moyens de commande de position destines a commander le positionnement du registre (120). 

5 1 4. Le systeme de regulation de temperature selon la revendication 8, dans lequel ia pompe de retroidissement (1 30) 
est disposee dans le chemin de retroidissement (55), entre le radiateur (105) et I'orifice d'entree de refrigerant (45) 
de I'empilement de piles a combustible (30). 

15. Le systeme de regulation de temperature selon la revendication 1 , comprenant en outre : 

w 

(e) un systeme d'alimentation en hydrogene (145) relie a rempilement de piles a combustible (30) ; 

(f) un systeme de fourniture d'air (160) connecte a I'empilement de piles a combustible (30), les systemes de 
fourniture d'hydrogene et d'air (145, 160) fournissant des reactants pour les reactions de piles a combustible 
afin de generer la puissance electrique destinee au moteur electrique (15), les reactions des piles a combus- 
ts tibte donnant comme produit de I'eau dans au moins un des systemes d'alimentation en hydrogene et en air 

(145, 160). 

16. Le systeme de regulation de temperature selon la revendication 15. dans lequel le medium de retroidissement 
comprend, comme produit, de I'eau collected depuis au moins un des systemes d'alimentation en hydrogene et 

20 en air (145, 160). 

17. Le systeme de regulation de temperature selon la revendication 8, comprenant en outre : 

(a) un systeme d'alimentation en hydrogene (145) connects a I'empilement de piles a combustible (30) ; 
25 (f) un systeme d'alimentation en air (160) connecte a I'empilement de piles a combustible (30), les systemes 

d'alimentation en hydrogene et en air (145, 160) fournissant des reactants pour les reactions des piles a 
combustibles, afin de generer la puissance electrique destinee au moteur electrique (15), les reactions des 
piles a combustible donnant comme produit de I'eau dans les systemes d'alimentation en hydrogene et en air 
(145, 160). 

30 

18. Le systeme de regulation de temperature selon la revendication 17, comprenant en outre un systeme de collecte 
d'eau produite, destine a collector au moins una partie de I'eau produite venant d'au moins un des systemes 
d'alimentation en hydrogene et en air (145, 160). 

35 19. Le systeme de regulation de temperature selon la revendication 18, dans lequel le systeme de collecte d'eau 
produite comprend : 

(a) un reservoir a eau (175) connecte pour recevoir I'eau produite venant des systemes d'alimentation en 
hydrogene et en air (145, 160); 
40 (b) une pompe a eau (210) destinee a pomper de I'eau venant du reservoir a eau (175), dans le chemin de 

refrigerant (55). 

20. Le systeme de regulation de temperature selon la revendication 18, dans lequel Le systeme de collecte d'eau 
produite comprend : 

(a) un reservoir a eau (175) connecte pour recevoir I'eau produite venant des systemes d'alimentation en 
hydrogene et en air (145, 160); 

(b) un systeme de filtrage d'eau (205) destine a filtrer I'eau venant du reservoir a eau (175); 

(c) une pompe a eau (210) destinee a pomper I'eau filtree venant du reservoir a eau (175), dans le chemin 
de refrigerant (55). 

21 . Le systeme de regulation de temperature selon la revendication 7, comprenant en outre un capteur de temperature 
(255) positionne pour detecter la temperature de refrigerant en un point proche de rempilement de piles a com- 
bustible (30). 

55 

22. Le systeme de regulation de temperature selon la revendication 21, comprenant en outre un capteur de courant 
(305) dispose pour mesurer le courant electrique passant depuis I'empilement de piles a combustible (30). 
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23. Le systems de regulation de temperature selon la revendication 22, comprenant en outre un radiateur (1 05) dispose 
dans le chemin de refrig6rant (55). 

24. Le systems de regulation de temperature selon la revendication 23, comprenant en outre des moyens d'ecoulement 
s d'air, destines a fournir un ecoulement d'air de retroidissement sur le radiateur (105), afin de refroidir le medium 

refrig6rant. 

25. Le systeme de regulation de temperature selon la revendication 24, dans lequel les moyens d'ecoulement d'air 
comprennent : 

w 

(a) un ventilateur eiectrique (115) dispose a proximite du radiateur (105) afin de g6n6rer un ecoulement d'air 
sur le radiateur (105) ; et 

(b) des moyens de commande de vitesse pour moduler la vitesse du ventilateur eiectrique (115). 

is 26. Le systdme de regulation de temperature selon la revendication 24, dans lequel les moyens d'ecoulement d'air 
comprennent : 

(a) un registre (1 20) dispose a proximite du radiateur (1 05) en vue de reguler recoulement d'air sur le radiateur 
(105) ; et 

20 (b) des moyens de commande de position destines a commander le positionnement du registre (120). 

27. Le systeme de regulation de temperature selon la revendication 22, comprenant en outre des moyens de com- 
mande incluant au moins un dispositif dispose dans le chemin de refrigerant (55) en vue d'augmenter ou de dimi- 
nuer le transfert thermique intervenant entre le medium de refroidissement et I'empilement de piles a combustible 

25 (30), tes moyens de commande reagissant a au moins un element parmi le capteur de temperature (255, 265) et 

le capteur de courant (305), pour augmenter ou diminuer le transfert thermique. 

28. Le systeme de regulation de temperature selon la revendication 27, dans lequel le au moins un dispositif comprend 
des moyens de commande de vitesse destines a moduler la vitesse de la pompe de refroidissement (1 30) dispos6e 

30 dans le chemin de refrigerant (55). 

29. Le systeme de regulation de temperature selon la revendication 27, dans lequel le au moins un dispositif 
comprend : 

35 (a) un radiateur (105) dispose dans le chemin de refrigerant (55) ; et 

(b) des moyens d'ecoulement d'air destines a fournir un ecoulement d'air de refroidissement sur le radiateur 
(105) pour refroidir le medium de refroidissement. 

30. Le systeme de regulation de temperature selon la revendication 29, dans lequel les moyens d'ecoulement d'air 
40 comprennent : 

(a) un ventilateur eiectrique (115) dispose a proximite du radiateur (105) afin de g6n6rer un ecoulement d'air 
sur le radiateur (105) ; et 

(b) des moyens de commande de vitesse pour modifier la vitesse du ventilateur eiectrique (11 5). 

45 

31. Le systeme de regulation de temperature selon la revendication 29, dans lequel les moyens d'ecoulement d'air 
comprennent : 

(a) un registre (1 20) dispose a proximite du radiateur (1 05) en vue de reguler l'6coulement d'air sur le radiateur 
50 (105) ; et 

(b) des moyens de commande de position destines a commander le positionnement du registre (120). 

32. Le systeme de regulation de temperature selon la revendication 27, dans lequel le au moins un dispositif 
comprend : 

55 

(a) un radiateur (105) dispose dans le chemin de refrigerant (55) ; et 

(b) au moins un conduit d6finissant un chemin de derivation de radiateur (110) pour le medium refrigerant ; 

(c) une soupape de derivation (1 00) dispos6e dans le chemin de refrigerant (55) pour moduler d'ecoulement 
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de medium de ret roidissement venant de I'orifice de sortie de refrigerant (50) vers I'empilement de piles a 
combustible (30), en le taisant passer par le radiateur (105) et le chemin de derivation de radiateur (110). 

33. Le systeme de regulation de temperature selon la revendication 1 , dans lequel I'empilement de piles a combustible 
(30) est un empilement de piles a combustible a polymere solids. 

34. Le systeme de regulation de temperature selon la revendication 5, dans lequel la resistance (70) recoit une puis- 
sance Slectrique gen6ree par I'empilement de piles a combustible (30), immediatement avant la cessation du 
fonctionnement de I'empilement de piles a combustible. 
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FIG. 4 
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